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NOTICES 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the pneumatic tire which realized reduction-ization of 
the noise outside a vehicle, without having an adverse effect on tire engine performance, such as 
wastewater nature, at a detail further about a pneumatic tire. 
[0002] 

Pescription of the Prior Art] As a cause of the tire noise, when a tire grounds, the tire-tread section 
deforms, since the volume of the major groove arranged at the tire circumferencial direction changes, 
the air confined in the major groove repeats compression and expansion at the time of transit, and the 
Ayr pumping sound (it mainly consists of columnar resonance and a helmholtz sound.) then generated 
from the space of a major groove is known. 

[0003] Moreover, the stroke sound generated when the tire-tread section strikes a road surface at the 
time of touch-down other than this Ayr pumping sound occupies most as a cause of the tire noise. 
[0004] There is a technique in which it reduces the tire noise, by changing the width of face and the 
depth of a slot, and making the slot volume small from a viewpoint which makes columnar resonance 
small, as a technique which solves these problems, 

[0005] Moreover, the technique of rib-izing a block pattern there being small the stroke sound generated 
at the time of tire touch-down, and reducing an oscillating sound is well-known. Moreover, the approach 
which made full use of the pitch variation which suppresses noise generating which elaborates the 
distributed array of various pitch sizes and shows the high peak in a specific frequency is well-known at 
the same time it changes the size of a tread-pattern pitch delicately. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in order to reduce the noise outside a vehicle, as 
most effective technique, it is making columnar resonance small among the above-mentioned noise, but 
since the wastewater nature of a tire is affected greatly, it is not desirable at the point that the wet engine 
performance worsens to make the tread volume small. Therefore, there was a limitation in the technique' 
made small naturally in the slot volume about the noise outside a vehicle conventionally. 
[0007] The technical problem of this invention is in the point of offering the pneumatic tire which can 
realize low noise-ization of the noise outside a vehicle, maintaining basic engine performance, such as 
wastewater nature at the time of wet transit, and tire endurance. 
[0008] ^ ^ 

[Means for Solving the Problem] this invention person found out tha t noise level could also be reduced 
further, maintaining basic engine performance, such as wastewater hature at the time of wet transit, and 
tire endurance , by preparing two or more slots extended in the direction of a front face along with a tire 
circumferencial direction from a tire tread inner surface only in the slot side attachment wall side of the 
major groove extended in the tire tread section at a tire circumferencial direction, as a result of inquiring 
wholeheartedly to solve this problem. 

[0009] The circumstances where this invention person came to complete this invention are as follows. 
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When the part of the arbitration of a tire tread grounds as stated above while a tire rolls, columnar 
resonance is a sound by the resonance produced in the air column of the shape of tubing formed by the 
road surface and the major groove of a pattem, and is called the so-called air column tubing resonance. 
[0010] Therefore, in order to reduce an air column tubing resonance, it is important to enlarge factional 
resistance of a groove face and air as much as possible, by this, a resonance decreases and noise level is 
reduced. If it puts in another way, it will become an important means to make small the flow rate of the 
air passed by tubing-Uke air Nakauchi to reduce columnar resonance. 

[001 1] It is possible to become depressed as this means on both the slot side-attachment-wall side of a 
major groove, and the groove bottom wall surface extended for example, to a tire circumferencial 
direction, thru/or to prepare a hole two or more along with a tire circumferencial direction. However, if 
two or more hollows thru/or holes is established in the groove bottom wall surface of the major groove 
extended to a tire circumferencial direction, since the thickness of the rubber layer of the groove bottom 
of a major groove becomes thin, it is easy to cause problems, such as a crack of the tire-tread section, 
and separation of a belt located under tread rubber, and is not desirable in respect of tire endurance * 
[0012] Therefore, although it can say that the thing which cause friction with a groove face and air and 
for which it becomes depressed, thru/or many holes are formed only in the slot side-attachment-wall side 
of a major groove is desirable, in order to become depressed, thru/or to form a hole only in the slot side- 
attachment- wall side of a major groove and to reduce columnar resonance, as a matter of fact, how the 
hole of what kind of configuration thru/or structure is arranged poses [ this ] a problem. 
[0013] as a result of it was alike, taking lessons from many the hollows thru/or holes considered that this 
invention causes friction with a groove face and air and adding examination, the slot extended in the 
direction of a front face from a tire-tread inner surface found out the desirable thing. Invention of claim 
1 is a pneumatic tire characterized by preparing two or more slots extended in the direction of a front 
face from a tire-tread inner surface along with a tire circumferencial direction only in the slot side- 
attachment- wall side of the above-mentioned major groove in the pneumatic tire which equipped the 
tire-tread section with the major groove extended to a tire circumferencial direction. 
[0014] Therefore, although the tire of this invention only forms the slot only in the slot side-attachment- 
wall side of a major groove, it also holds wastewater nature and tire endurance good while the air 
column tubing resonance to generate decreases, as a result of bring about sufficient energy loss to air 
flow, since the passage cross section of the air in Mizouchi of a major groove is sharply change during 
rolling of a tire at the time of touch-down. 

[0015] However, as a result of inquiring further, it found out that a ** value existed in the arrangement, 
magnitude, etc, also about the slot. Speaking roughly, the more stopping being able to give frictional 
resistance easily to the air which flows to Mizouchi of a major groove, the more a slot makes the center 
Une of the longitudinal direction vertical to the normal to a tire ground plane. Moreover, enlarging the 
volume of a slot too much has an adverse effect on the rigidity of the tire-tread section, and it causes ^ 
lowering of driving stability ability, and also especially an important thing makes columnar resonance 
increase on the contrary. It is difficult to, reduce the Ayr pumping sound represented by the columnar 
resonance at the time of a tire revolution on the other hand, when the volume of a slot is too small. 
Therefore, the balance of the stroke sound of a tire and columnar respnancels adjusted, and the ** value 
exists about the slot to which noise level becomes low most. 

[0016] That is, when the center line of the longitudinal direction prepared at the include angle of 45 or 
less degrees -45 degrees or more to the normal to a tire ground plane, the slot formed in the slot side- 
attachment-wall side of the above-mentioned major groove caused the frictional resistance of a groove 
face and air to the maximum, and found put that columnar resonance could be reduced. Invention of this 
claim 2 is a pneumatic tire according to claim 1 prepared at the include angle of 45 or less degrees -45 
degrees or more to the normal [ as opposed to / slot / a tire ground plane in the center line of the 
longitudinal direction ]. 

[0017] Since an include angle with the center line of the longitudinal direction of the slot to airstream 
becomes shallow when the slot formed in the slot side-attachment-wall side of the above-mentioned 
major groove exceeds less than -45 degrees or 45 degrees, there is littie width of face of the slot through 
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which airstream passes substantially, and effectiveness of resonance reduction is not fiilly made. 
Moreover, since it is inferior also to the rigidity of the vertical direction by car weight, columnar 
resonance is made to increase. 

[00 1 8] Moreover, it found out that it could perform that reduction of columnar resonance and the 
balance of the wastewater engine performance use as a good pneumatic tire the slot formed in the slot 
side-attachment-wall side of the above-mentioned major groove when the maximum depth (d) is set to 
0. 1 W<d<0.3W to the width of face W of a major groove. The slot which forms invention of this claim 3 
in the major groove concerned to the width of face W of a major groove is a pneumatic tire according to 
claim 2 whose maximum depth (d) is 0.1 W<d<0.3W. 

[0019] To the width of face W of a slot, when the maximum depth (d) is less than [ O.IW ], the slot 
formed in the slot side-attachment-wall side of the above-mentioned major groove cannot give frictional 
resistance enough to the air which flows to Mizouchi of a major groove, and cannot reduce columnar 
resonance easily. On the other hand, when the maximum depth (d) is more than 0.3W, while the 
wastewater engine performance falls to the width of face W of this slot fang furrow, it has an adverse 
effect on the rigidity of the tire-tread section, and is on the contrary hard to reduce the noise outside a 
vehicle in that columnar resonance is increased. 

[0020] moreover, the slot formed in the slot side-attachment- wall side of the above-mentioned major 
groove — the width of face W of a major groove, and tooth depth H — receiving — the ~ maximum 
length — (h) ~ 0.5 H<h — < — reduction of columnar resonance and the balance of the wastewater 
engine performance found out that it could perform considering as a good pneumatic tire by setting 0.8H 
and the maximum width (w) as 0. 1 W<w<0,3W. the slot which forms invention of this claim 4 in the 
major groove concerned to the width of face W of a major groove, and tooth depth H — maximum length 
~ (h) ~ 0.5 H<h — < ~ 0.8H and the maximum width (w) are the pneumatic tires according to claim 3 
which are 0. 1 W<w<0.3W. 

[0021] the slot formed in the slot side-attachment-wall side of the above-mentioned major groove ~ the 
width of face W of a major groove, and tooth depth H ~ receiving ~ the — maximum length ~ also when 
(h) is made into less than [ 0.5H ] and the maximum width (w) is made into less than [ O.IW ], frictional 
resistance cannot be enough given to the air which flows to Mizouchi of a major groove, but it is hard to 
reduce columnar resonance, on the other hand ~ this slot — the width of face W of a major groove, and 
tooth depth H — receiving — the — maximum length - if (h) is set up and the maximum width (w) is set 
up more than 0.3W more than 0.8H, while the wastewater engine performance will fall, it has an adverse 
effect on the rigidity of the tire-tread section, and is on the contrary hard to reduce the noise outside a 
vehicle in that the columnar resonance over a road surface is increased. 

[0022] Therefore, this invention is set to the pneumatic tire which equipped the tire-tread section with 
the major groove extended to a tire circumferenciai directio n. The slot extended in the direction of a tire- 
tread front face only to the slot side-attachment-wall side of the above-mentioned major groove While 
two or more are prepared along with a tire circumferenciai direction and the center line of the 
longitudinal direction prepares the above-mentioned slot at the include angle of 45 or less degrees -45 
degrees or more to the normal to a tire ground plane.As opposed to the width of face W of the major 
groove concerned, and tooth depth H the maximum depth (d) 0.1 W<d<0.3W, maximum length — (h) — 

0. 5 H<h - < ~ the case where 0.8H and the maximum width (w) are set to 0. 1 W<w<0.3W ~ both an air 
column tubing resonance and an oscillating sound — although ~ it will decrease and synthetic reduction- 
ization of the noise outside a vehicle can be attained. And it becomes good [ balance with tire engine 
performance, such as tire endurance and wastewater nature, ] by setting a slot as the above-mentioned 
range. 

[0023] 

[Embodiment of the Invention] Drawing 1 is the important section amplification partial cross-section 
perspective view showing 1 operation gestalt of the pneumatic tire concerning this invention. In drawing 

1 , it is the major groove which sets 1 in the tire-tread section, sets 2 in the tire-tread section 1, and is 
extended to a tire circumferenciai direction. 3 is the rib constituted by the adjoining major grooves 2 and 

2. 2a is the slot side-attachment-wall side of a major"groove 2, and 2b is the groove bottom wall surface 
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of a major groove 2. It is not formed in groove bottom wall surface 2b of a major groove 2, although 4 is 
the slot of the shape of an abbreviation rectangle extended in the direction of a tire-tread front face 
formed in slot side-attachment-wall side 2a of a major groove 2 and a large number book formation of 
the slot 4 of the shape of this abbreviation rectangle is carried out along with the tire circumferencial 
direction as the graphic display. In addition, 5 is the belt section arranged under the nibber of the tire- 
tread section 1 . 

[0024] The width of face of a major groove and H of W are the depth of a major groove among drawing 
1 . In this operation gestalt, the slot 4 formed in major groove side-attachment-wall side 2a of a tire 
circumferencial direction is 0 times to the normal [ as opposed to a tire ground plane in that arrangement 
include angle ]. 

[0025] Moreover, the size of the(^lot@of th e shape of an abbreviation rectangle adopted with this 
operation gestalt is defined as the important section amplification perspective view shown in drawing 2 . 
in addition, drawing 2 ~ setting — 2 — for the width of face of a major groove, and H, the depth of a 
major groove 2 and d are [ a major groove and 3 / a rib and W / the maximum width of a slot 4 and h of 
the maximum depth of a slot 4 and w ] the maximum heights of a slot 4. Consideration of reduction of 
the noise outside a vehicle of the size of a slot 4 forms it within the limits of 0.5 H<h<0.8H, 0. 1 
W<w<0.3W, and 0.1 W<d<0,3W, respectively. If smaller than these range, reduction of sufficient 
resonance cannot be aimed at, but if it becomes larger than these range, since it becomes impossible to 
maintain the rigidity of a tire rib and an oscillating sound and columnar resonance increase on the 
contrary, the noise outside a vehicle will become large. Concrete magnitude can be set to arbitration 
with tire size. 

[0026] Especially the part of the arrangement to slot side-attachment-wall side 2a of the major groove 2 
of a slot 4 is not limited. Although what is necessary is just to specifically determine individually by 
relation with maximum height h of a slot 4, when the wear accompanying the activity of a tire is taken 
into consideration, it is desirable to prepare in the part near groove bottom wall surface 2b of a major 
groove 2. 

[0027] As the orientation of a slot 4 is shown in drawing 2 , and shown in center lines C and C, and 
drawing 1 and drawing 2 of a longitudinal direction of a slot 4, it is desirable that theta is within the 
limits of -45 - 45 include angles with the radiation N and N of a tire, and it has become 0 times with this 
operation gestalt as stated above. 

[0028] Drawing 3 is the important section amplification partial cross-section perspective view showing 
other operation gestalten which changed the orientation of a slot 4. The sign in this drawing is the same 
as what is shown in drawing 1 and drawing 2 . In this example, the include angle theta to make serves as 
the normals [ as opposed to / slot / 4 / a tire ground plane in the center lines C and C of that longitudinal 
direction ] N and N with 30 degrees to a tire hand of cut and hard flow. 

[0029] In addition, while constitutes a major groove 2 and a slot 4 considers it as the arrangement which 
inclined to a tire hand of cut and hard flow at slot side-attachment-wall side 2a, to slot side-attactiment- 
wall side 2a of another side which constitutes this major grooye 2, as arrangement which inclined in the 
tire hand of cut, can be combined and can also arrange it. • ' j ■ - 

[0030] Moreover, rear-spring-supporter arrangement may, be carried out on the perimeter of slot side- 
attachment-wall side 2a of a major groove 2, and arrangement of a slot 4. can also be prejpared only in 
the part on a periphery. Moreover, to the tire which has two or more major grooves, you may prepare in 
the tire-tread section to all major grooves, and it can also prepare only in some major grooves. . 
Moreover, although the tire of this operation gestalt is applied to the tire of a rib pattern, it can apply a 
block pattern similarly . 

[003 1] Moreover, a slot 4 can also be formed in slot side-attachment- wall side 2a of a major groove 2 by 
the same configuration, the dimension, and orientation, as shown in drawing 1 , but as shown in drawing 
4 , is within the limits and can also be changed [ above-mentioned ] at random. 
[0032] Moreover, as for the number of slots, it is desirable to prepare so that about 30 - 70% of a major 
groove gross area may turn into surface area of a slot When fewer than this rate, sufficient reduction of 
a resonance cannot be aimed at, but since it becomes impossible to maintain the rigidity of a rib and an 
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oscillating sound and columnar resonance increase on the contrary on the other hand when [ than this 
rate ] more, the noise outside a vehicle becomes large, 

[0033] In addition, although the slot of this invention has a desirable abbreviation rectangle -like slot like 
this operation gestalt , elliptical etc . is sufficient and it is important to be constituted as a hollow of small 
concave in short. In addition, if the slot as used in the field of this invention is the hole configuration 
which the perimeter blockaded in the whole configuration including the ends of a longitudinal direction, 
it is sufficient for it. Therefore, although the shape of a quirk in which the end is carrying out opening to 
the tire-tread front face is not included, the slot which has arrived at the groove bottom is contained. 
However, if it carries out from the standpoint which prevents generating of a crack, as for the slot of this 
invention, it is desirable to separate from a groove bottom and to form. 
[0034] 

[Example] The base top tire simple substance noise and real vehicle transit estimated driving stability 
using each tire of the example of the tire size 6.50R16 shown in a table 1, and the example of a 
comparison. In addition, the same tread pattern indicated to be also each tire of an example and the 
example of a comparison to drawing 5 is used. In drawing 5 , drawing 1 and a same sign show the same 
semantics. Moreover, the hole formed in slot side-attachment-wall side 2a of a major groove 2 is formed 
as a slot 4 in th e example 1 in the random location shown in the conf iguration shown in drawing 1 , a 
dimension, and /3rawing 4) the random location shown in (drawing ^ with the configuration shown in 
drawing 1 in the example2, and a dimension ~ in addition — and as shown in drawing 3 , an include 
angle is attached and the slot is formed. In the example 3, with the configuration and dimension which 
are shown in drawing 1 , as shown in drawing 3 , an include angle is attached and the slot is formed in 
homogeneity, the example 1 of a comparison comes out of the conventional tire which does not form a 
hole to slot side-attachment-wall side 2a of a major groove 2. Moreover, in the example 2 of a 
comparison, the hole formed in slot side-attachment-wall side 2a of a major groove 2 is formed as a 
round hole (dimple) which is formed only in slot side-attachment-wall side 2a of a major groove 2 on 
the arrangement conditions shown in drawing 1 , and is specified with a table 1. In addition, the belt 
reinforcement layer of each tire of each example and the example of a comparison consists of said 
division material, this structure, and this arrangement. 
[0035] 
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[0036] The test result of the base top tire simple substance noise of each example and the example of a 
comparison and driving stability was shown in a table 1. In addition, the base top tire simple substance 
noise was examined based on JASO-C606. Rates are 50 km/h. The base top tire simple substance noise 
of a table 1 measures the IkHz columnar resonance level of 1/3 octave band, and shows it with the tire 
noise difference between the tires of the example 1 of a comparison. The more the minus value of the 
noise becomes large, the more it is shown that the tire noise is decreasing. 
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[0037] The driving stability at the time of a sentiment performed organic-functions assessment by the 
exclusive driver in the test course, and evaluated it on the basis of the example 1 of a comparison. 
[0038] Although the noise outside a vehicle is slightiy reduced from a table 1 compared with the tire to 
which the tire which gave the round shape dimple of the example 2 of a comparison to the slot side 
attachment wall and groove bottom wall of a major groove does not give the hole of the example 1 of a 
comparison, sufficient effectiveness is not done so from a viewpoint of reduction of the tire noise. On 
the other hand, as for each tire of the example which formed the slot 4, reduction-ization with a tire 
noise of 2dB or more was seen rather than the tire of the example 1 of a comparison, and the example 2 
of a comparison. Moreover, each tire of an example was the same level as criteria like [ driving 
stability ] the example 1 of a comparison. 

[0039] Moreover, like the example 4 of a comparison thru/or 6, unless the size of a slot, an arrangement 
include angle, and the number of arrangement are enough, reduction-izing of the noise outside a vehicle 
is not necessarily enough. Since the oscillating sound and columnar resonance of a tire were puffed up, 
these tires are guessed as that from which reduction-ization of the noise outside a vehicle did not 
become enough. 

[0040] In order to take into consideration the effect which a rate has on the tire noise compared with the 

tire of an example 1, and the tire of the examples 1 and 6 of a comparison, the level of the IkHz tire 
noise of 1/3 octave band from a low speed to a high speed was measured. The result is shown in drawing 
6 . From drawing 6 , the tire of an example 1 is compared with the example tire of a comparison, and 
reduction-ization of the tire noise is accepted also for a gap. 
[0041] 

[Effect of the Invention] Low noise-ization of the noise outside a vehicle is realizable, maintaining basic 
engine performance, such as wastewater nature at the time of wet transit, and tire endurance, since this 
invention is the pneumatic tire which prepared two or more slots extended in the direction of a tire-tread 
front face along with the tire circumferencial direction only in the slot side-attachment-wall side of the 
above-mentioned major groove in the pneumatic tire which equipped the tire-tread section with the 
major groove extended to a tire circumferencial direction as above. 



[Translation done.] 
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♦NOTICES* 

JPO and NCIPI are not zresponsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. • 



CLAIMS 



[Claim(s)] 

[Claim 1] The pneumatic tire characterized by preparing two or more slots extended in the direction of a 
front face from a tire-tread inner surface along with a tire circumferencial direction only in the slot side- 
attachment-wall side of the above-mentioned major groove in the pneumatic tire which equipped the 
tire-tread section with the major groove extended to a tire circumferencial direction. 
[Claim 2] A slot is a pneumatic tire according to claim 1 with which the center hne of the longitudinal 
direction is prepared at the include angle of 45 or less degrees -45 degrees or more to the normal to a tire 
ground plane. 

[Claim 3] The slot formed in the major groove concerned is a pneumatic tire according to claim 2 whose 
maximum depth (d) is 0. 1 W<d<0.3W to the width of face W of a major groove. 
[Claim 4] the slot formed in the major groove concerned to the width of face W of a major groove, and 
depth H of a major groove - maximum length ~ (h) - 0.5 H<h - < - the pneumatic tire according to 
claim 3 0.8H and whose maximum width (w) are 0.1 W<w<0.3W. 

[Translation 'done.] 
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